. From the power spectrum density, the considered parameters showed significant peaks which appeared in the north-south asymmetry but the 10.7 yr solar cycle was absent. In addition, the main periodicity of the asymmetry may be 5.2, 4.0 and 3.3 years that exist in the parameters with higher confidence levels. Finally, one can conclude that the asymmetry of the interplanetary parameters and the geomagnetic indices may provide multiple causes for producing the observed asymmetric modulations of cosmic rays.
Introduction
It is well established that our Sun is a fairly typical star, nothing more than one of the variable stars of the universe. The Sun expels several products of its activity in the interplanetary medium, namely electromagnetic radiation, energetic particles, solar wind and transient ejections within their magnetic fields. The solar magnetic field is frozen in the solar plasma and carried outward by the solar wind. When the Sun rotates, the field at equatorial latitudes forms a spiral structure. In addition, a solar neutral sheet results from this structure, maintaining a separation between northern and southern regions. This averaged warped heliospheric current sheet (HCS) separates regions with opposite polarities of the magnetic field. The structure of the HCS changes substantially during the 11-year sunspot cycle [1] , with a relatively flat sheet at the solar minima years, but neutral sheet waves extend up to 70˚ heliolatitude at solar maxima epochs. Furthermore, the solar field polarity reverses at each solar maximum giving rise to a 22-year periodicity in the heliomagnetic field. The Earth responds to solar variability through geomagnetic activity, variations of the high atmosphere and possible changes of weather, climate and biota.
Recently, the north-south asymmetry of the interplanetary plasma and the solar parameters has been the subject of many studies and has been discussed by several authors [2] - [12] . Waldmeier [2] studied the N-S asymmetry of most outstanding feature of solar parameters from 1959 to 1969 and said that the spots, faculae were more numerous and the white light coronal was brighter on the northern hemisphere than on the southern one. Beiber [3] indicated that the N-S asymmetry in many parameters related to the interplanetary medium. Beside that Sanaikumaran and Prabhakaran [9] examined the N-S asymmetry for IMF, Ap, and SWS during the four solar cycles (20 -23) and they found that the phase of the asymmetry of IMF reversed every cycle, and the asymmetry of the Ap index appeared similar to that of solar wind velocity and may be due to the existence of a relic magnetic field in the solar convection zone. From the other side, the authors [13] - [15] studied the periodicity for the N-S asymmetry and they found a periodic 1.3 yr enhancement in solar wind speed from 1987-1995. In addition a similar significant peak was observed in the geomagnetic index (Ap). EL-Borie [8] showed that the solar plasma was denser and cooler south of the HCS than its north during the period 1981-1989 (qA < 0; negative solar polarity), and said that the solar flux components of the toward field vector was larger in magnitude than those of away field vector during qA < 0, and no asymmetry was observed in qA > 0 epoch. In addition, El-Borie [10] discussed the N-S asymmetry for interplanetary medium solar, and geomagnetic indices from 1970-2010 and found that the sign of the average asymmetry depended upon the solar magnetic polarity where the annual magnitudes of N-S asymmetry depended positively on the solar magnetic cycle.
The objective of this work is to examine the N-S asymmetry in the field magnitude (B), and the geomagnetic parameters (aa, Ap, Kp, and DST) according to the interplanetary magnetic field (IMF) sense over the period 1975-2013.
Data Analysis
Daily data have been used for the geomagnetic indices (aa, Ap, Kp, and DST) and the IMF magnitude (B) throughout the period (1975-2013) that covered three and a half solar cycles. Data for the geomagnetic indices are available via the national geophysical data center (NGDC). In addition, data for the IMF magnitude B can be downloaded via http://omniweb.gsfc.nasa.gov/form/dx1.html.
These parameters have been analyzed according to the direction of the IMF sense to examine the presence of the North-South asymmetry. The field direction is calculated on a daily basis in the geocentric equatorial coordinated system. Thus, the field direction is separated into two polarities; away (A) polarity if the solar ecliptic azimuthal angle of the IMF daily averages (based in hourly measurements) lies between 45˚ and 225˚; otherwise it is considered toward (T) the Sun. Days on which the IMF is truly mixed are removed from the considered period. Because, this may affect the accuracy of the final result and could be the reason for the appearance of a sudden change in the value of N-S asymmetry during the period. Then the considered data are separated into two groups according to the away or toward daily average IMF vector, over the interval from 1975 to 2013. The yearly averages have been calculated for toward and away days, and the standard error has been calculated for each value. During the Positive polarity epochs: (T) refers to Toward the South of the heliospheric current sheet (Southern Hemisphere), and (A) refers to Away from North of the current sheet (Northern Hemisphere). While, through the Negative polarity epoch: (T') refers to Toward the North of the current sheet (Northern Hemisphere), and (A') refers to Away from South of the current sheet (Southern Hemisphere).
Series of power spectral density (PSD) have been performed. Fast Fourier Transformations (FFT) has been used to yield the power spectral density (PSD). The results were smoothed using the Hanning window function. This is necessary since most of the disturbed features will completely disappear, while the significant peaks are clearly defined. Nevertheless, the particular window chosen doesn't shift the positions of the spectral peaks. Next, each spectrum is independently normalized to the largest peak in the complete spectrum. This restriction was chosen in order to avoid spurious strengths often associated with peaks near the start and end of the data set. This normalization didn't introduce any errors in our identification of the peaks because it changes only the relative amplitude and not the position of the peak spectrum.
Results and Discussion
The Sun is continuously ejecting large quantities of charged particles (atoms stripped of their electrons) into space. Some of these particles eventually arrive to the Earth and interact with the Earth's geomagnetic field. So, the interplanetary medium and the terrestrial magnetic field respond to most of solar parameters and their evolution, and any change for activity of these solar parameters between the northern and southern hemispheres may reflect another change on the interplanetary parameters and the geomagnetic indices. Studies by Rangarajan [16] revealed that the sun's northern hemisphere is, almost always, geomagnetically more active, on the average of about 20%, than the southern hemisphere. This enhancement activity may be attributed to the inverse relationship between the geomagnetic activity and the strength of the magnetic field. High cosmic ray solar diurnal amplitudes coincide with the increase in IMF magnitude B, during the descending phase of the solar cycles [17] [18]. This may be due to the large values of upper cutoff rigidity during this period [19] . Figure 1 represents the time series of the annual averages for the field magnitude (B) and the geomagnetic indices (aa, Ap, Kp, and DST). The behavior of the field magnitude B (plot 1a) is nearly the same to the behavior of the geomagnetic parameters aa, Ap, and Kp (plot 1b to 1d). They have higher peaks on (1982, 1989 , and 1991) years, beside that (aa, Ap, and Kp) have a another higher peak on 2003. Plots (1a to 1d) have an irregular pattern and two maxima are observed (double peak modulation), one near the maximum solar activity period and the other in the descending phase [20] [21] . It is believed that the first peak is caused by coronal mass ejections, whereas the second peak is caused by geomagnetic disturbances due to the coronal-hole fast streams, which are more frequent in this part of each solar cycle [22] . In some cycles they have three peaks structure, the first peak before or in solar maximum and the other two in the descending phase of solar activity cycle. From the other side the Disturbance Storm-Time Index DST (plot 1e) reflects an opposite behavior for the field magnitude (B) and the geomagnetic index (aa, Ap, and Kp) where its values have been in negative (i.e., the reference level for the DST is set to be statistically zero on internationally designated quiet days and −50 nT or deeper to indicate a storm-level disturbance). So it can explain what happen in years (1989 and 1991) where DST has a higher negative value than the other parameters.
It may be useful to compare the north-south asymmetry in IMF magnitude and the geomagnetic indices over the period 1975-2013. Figure 2 displays the yearly difference variations of the field magnitude B, and the geomagnetic indices (aa, Ap, Kp, and DST) between Toward and Away days for both positive and negative polarity epochs. The estimated error is shown for each year, and for each parameter. Times of the magnetic-field reversal at the Sun's north (N) and south (S) poles are added at the top of the figure. In addition, the position for the solar maxima and the solar minima can be shown as a vertical (solid line and dotted line, respectively). It is interesting to note that the toward sectors occur north of the current sheet during the negative solar polarity and south of the current sheet during the positive polarity, and reverse happen for the away sectors.
The first plot (Plot 2a) shows the field magnitude B has eight clear positive asymmetry with toward values higher than the away values occurred in (1976, 1987, 1990, 1993, 1995, 2002, 2007 and 2009 ). The maximum positive asymmetry happened in the year 1995 with a magnitude (0.625 ± 0.3 nT). In addition, there are 7 negative asymmetries showed in (1975, 1980, 1984, 1991, 1997, 2004 and 2011) with largest negative asymmetry in year 1991 (−0.837 ± 0.5 nT), and in year 2004 (−0.885 ± 0.3 nT) which occurred during the second negative polarity (2001 to the present). Moreover, the largest peaks of the asymmetry appeared around the decline phase of the solar cycle. Tables 1-4 , display the average values of the field magnitude and the geomagnetic parameters for toward and away polarity days, respectively, as well as the differences between the two groups over the epochs of positive and negative IMF polarity years during the four solar cycles (21, 22, 23 and 24) . The total number of days north and south of the heliospheric current sheet as calculated from each parameter is listed in the tables. From these tables, one can note that the grand average differences of the field magnitude north and south of the HCS are −0.03 ± 0.7 nT, −0.20 ± 0.8 nT, and −0.01 ± 0.6 nT for qA > 0 epochs during the three solar cycles 21, 22, and 23, respectively, as well as −0.16 ± 0.7 nT, 0.28 ± 0.5nT, 0.04 ± 0.7nT, and −0.03 ± 0.5 nT for qA < 0 epochs during cycles 21, 22, 23 and 24, respectively, which means that there is no remarkable N-S asymmetry in the averaged field magnitude over the former epochs and there is no magnetic solar cycle dependence is evident.
On the other side, plot 2c for the geomagnetic index (Ap) (by taking the error bar into account) shows 19 years out of 39 years with N-S asymmetry. Ten of them have a positive asymmetry and occurred in 1976, 1979, 1981, 1983, 1989, 1990, 1993, 1994, 1995 and 2010 . In contrast, nine clear negative asymmetries happened in 1978, 1985, 1991, 1999, 2002, 2003, 2004, 2007 and 2008 . The largest positive asymmetry placed in 1994 (6.24 ± 1.9) near to the minimum of the solar cycle, and the largest negative asymmetry placed in 2003 (−6.58 ± 1.4) in the descending phase of the solar cycle 23 . Tables 1-4 indicate that the N-S asymmetry for Ap index reaches maximum values through the positive magnetic polarity qA > 0. In contrast, the Ap for the away days south of the current sheet is larger in magnitude than those of toward polarities north of the current sheet during the −ve polarity (2001-2008) years. It is important to remember that during the positive solar magnetic polarity the away sector occurs north of the current sheet and south of it during the positive polarity. So from the four tables, it is clear to note that Ap has a northern dominance during cycles 21 and 24, and southern dominance during cycle 22 and 23. Plots 2b, 2d and 2e have the same behavior for the Ap index with different magnitudes. The asymmetry of the Disturbance Storm-Time (DST) Index during 1975-2013 is displayed in the bottom panel of Figure 2 . The north-south asymmetry in DST index is confirmed over the former period. Eight years (1978, 1986, 1988, 1991, 1999, 2002, 2007 and 2008) out of 39 were appeared with negative asymmetry, and 11 years (1976, 1979, 1983, 1990, 1993, 1994, 1995, 2000, 2010, 2011 and 2013 ) with positive asymmetry. The largest positive asymmetry obtained in 1979 (9.34 ± 2.3), and the largest negative asymmetry obtained in 1991 (−12.71 ± 4.8) . By looking at the results on the fourth tables, one can see that the average values of the N-S asymmetry for DST index reach to their maximum value during the first positive magnetic polarity epoch (1976) (1977) (1978) throughout cycle 21 with a magnitude −3.39 ± 3.4. Furthermore, the significance of the asymmetry changes automatically every solar magnetic polarity cycle (qA > 0 or qA < 0) as shown in the considered tables. So the asymmetry has a southern dominance during cycles 22 and 23 and northern asymmetry during cycles 21 and 24, which means that it has the same behavior for the previous geomagnetic indices. The results shown in plot 2a for the field magnitude B are qualitatively consistent with those observed in plots 2b to 2e, which mean that the asymmetry that observed in the interplanetary parameters reflect another asymmetry in the geomagnetic indices, and the two asymmetries may provide multiple causes for producing the observed asymmetric modulations of cosmic rays.
Series of power spectrum density (PSD) have been performed on the yearly difference variations of the IMF field magnitude (B), and the geomagnetic index (Ap, and DST) between the positive and the negative polarity days (i.e., Toward and Away days). The power spectrum density (PSD) is calculated for a wide frequency range (0.0937 -0.5 c/year), which corresponds to a range from 2 to 10.7 years. [23] . The 4 years, may be caused by the dual peak structure of geomagnetic activity or it is caused by a sector boundary of crossings [24] . A simple explanation for the peak at 8 year that appeared in the spectrum of DST index with lower magnitude is that it may be related to the formation rate and the magnetic structure of achieving regions in the solar southern hemisphere [25] . Finally it is obvious that the N-S asymmetry is appeared for the considered parameters, and the main periodicity of the asymmetry does not coincide with the 10.7 year solar cycle. But the main periodicity of the asymmetry may be the periodicity at the 5.0, 4.0 and 3.3 years that were founded in the considered parameters.
Conclusions
Through the years, the conflict between researchers about whether the N-S asymmetry is real or the north and south hemisphere has an identical behavior, raised many question marks. In this paper the asymmetry between the solar field north and south of the heliospheric current sheet (HCS) has been examined for the field magnitude B and the geomagnetic indices (Ap, aa, Kp, AE and DST) over the period , by separating the daily data of the field magnitude and the geomagnetic indices in two groups according to the field polarity sense (away or toward). Then, according to studying the N-S asymmetry as yearly difference variations between Toward and Away days for both positive and negative polarity epochs for the considered parameters, the following results were gotten: 1) The field magnitude B has only 15 of 39 years having asymmetry with magnitude greater than the estimated error, and the dependence N-S asymmetry of B upon the IMF solar polarities is statistically insignificant. Finally and according to Tables 1-4 , there is no clear indication of the presence of north-south asymmetry in the grand average field magnitude during the solar cycles. 2) Most of the N-S asymmetry for the geomagnetic parameters (aa, Ap, Kp, AE and DST), occurred during the period of positive polarity epochs, near to the minimum solar cycle or around the declining phase. In addition, the asymmetry has a northern dominance during cycles 22 & 23 and southern dominance during cycles 21 & 24. 3) By comparing the north-south asymmetry for the field magnitude and geomagnetic indices, one can conclude that the north-south asymmetry of the interplanetary parameters, together with the north-south asymmetry observed in the geomagnetic indices, may provide multiple causes for producing the observed asymmetric modulations of cosmic rays. On the other side, the power spectrum density (PSD) of the asymmetry values for the field magnitude and geomagnetic parameters gives a significant periodicity proofed the asymmetry in the considered parameters. However, the 10.7 year solar cycle is not the exit on these parameters, which means that the N-S asymmetry is independent of the solar cycle. These results are identical with [26] [27] . Furthermore, the main periodicity of the asymmetry may be 5.2, 4.0 and 3.3 years that exist in the parameters with higher confidence levels.
